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Sediment Analyses of Dam 
Removal Projects 
 
Blair Greimann, Ph.D. P.E. 
Technical Service Center 
Sedimentation and River Hydraulics Group 
Prepared for Fish Passage 2013 
 
www.usbr.gov/pmts/sediment 
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Examples of Dam Removal 
• Laboratory 
• Marmot 
• Condit 
• Elwha 
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Laboratory Dam Removal 
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Marmot Dam Removal 
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• http://www.pacificorp.com/es/hydro/hl/condit.html 
 
Condit Dam Removal - before 
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• http://www.pacificorp.com/es/hydro/hl/condit.html 
 
Condit Dam Removal - after 
Condit Erosion Process 
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Glines Canyon Dam -  
Removal in process 
http://www.video-
monitoring.com/construction/olympic/js.htm 
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Glines Canyon Delta – Removal in process 
 
http://www.video-
monitoring.com/construction/olympic/js.htm 
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Lake Aldwell Delta –  
Dam Removal just completed 
http://www.video-
monitoring.com/construction/olympic/js.htm 
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Physical Processes  
of dam removal 
 
Stage A. Reservoir sedimentation 
Stage B. Dam removal  
Stage C. Incision  
Stage D. Widening  
Stage E. Formation of floodplain 
Stage F. Dynamic stability 
From Doyle et al. 2003 
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Sediment Analysis Tools 
 
• Conceptual models and geomorphic 
analogs  
• Laboratory studies  
• Field scale drawdown tests  
• Empirical and analytical models 
• Mobile Bed sediment models 
• One-dimensional model: cross-sectional 
averaged 
– Does not resolve vertical  or transverse variation 
– Does not resolve hydraulics along bank 
• Two-dimensional model: depth averaged 
– Does not resolve vertical variation 
– Simplifies turbulence calculations 
• Three-dimensional model: resolves vertical and 
horizontal variation, but cell averaged 
– Spatial averaging within the cell volume 
– Time averaging is also necessary  
– Turbulence is not directly simulated and uses empirical 
models (except for DNS) 
– not yet practical for common use 
Mobile Bed Models 
14 
All models are correct, but limited. 
Colorary: if we do not understand the model limitations, 
we do not understand the model results 
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Sediment Analysis Needs for Dam 
Removal 
 • Sediment erosion volume and pattern 
within reservoir 
• Bed load effects 
• Sediment deposition downstream 
• Bed material changes 
• Changes to bed mobilization 
• Suspended load effects 
• Sediment concentrations and durations 
• Biota, water diversion, water quality impacts 
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1D models 
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1D Problem areas: 
– Lateral sorting: a cross section may armor 
or degrade faster than predicted 
– Pool-riffle sequences: pools fill up and are 
not scoured 
– Changes in plan form: cannot simulate 
transitions from braided to meandering 
– Bank erosion: hydraulics are not resolved 
adequately to predict bank erosion, 
meandering process is not represented 
 
 
 
1D Limits of Application 
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1D Models of Reservoir Erosion 
1-D models require estimation of erosion  
width within reservoir 
 
2455
2460
2465
2470
2475
2480
2485
0 200 400 600 800 1000
Station (ft)
E
le
v
a
ti
o
n
 (
ft
)
Initial
3 days
7 days
14 days
21 days
HEC-6T, SRH-1D :  Erosion Width = aQb  
DREAM:  Erosion width is constant 
Wong et al. 2005: Initial erosion width is specified, then calculated based upon 
an assumed shear stress distribution 
CONCEPTS: Erosion width is uncertain, but includes process  based model of 
cohesive bank failure 
 
Simulated Matilija Reservoir 
erosion after Dam Removal 
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1D Model Verification of Reservoir 
Erosion  
Comparison between SRH-1D and laboratory 
data of Cantelli et al. 2004: bed profile 
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1D Model Width Prediction  
Comparison between SRH-1D and laboratory data 
of Cantelli et al. 2004 - Widths 
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1D Simulation of Reservoir Erosion 
Conclusions for 1D models in reservoir: 
1. 1D models can give reasonable predictions 
of incision process in non-cohesive 
sediment if the correct erosion width is 
specified 
2. Bank failure and erosion processes are not 
well represented in 1D models 
3. Channel formation after incision within 
reservoir is not modeled 
4. Initial, rapid incision is under-predicted 
 
  
  
1D Example 
• 4 simultaneous dam 
removals on Klamath 
River: JC Boyle, 
Copco I, Copco II, 
Iron Gate 
 
• Shasta, Scott, 
Salmon, and Trinity 
are major tributaries 
downstream of 
PacifiCorp Dams 
http://klamathrestoration.gov/ 
Copco I 
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Iron Gate 
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 DRAFT dated Jan 10, 
2010 
Sediment Volumes and Type 
Reservoir 2006 
sites 
2009 
sites 
Volume 
(106yd3) 
silt and 
clay 
(%) 
Liquid 
Limit 
(%) 
Water 
Content  
(% ) 
JC Boyle 5  26 1.0 44 46 173 
88 173 345 
Copco I 12 17 7.4 75 109 287 
90 154 295 
Copco II 0 0 0 0 - - 
0 - - 
Iron Gate 9 19 4.7 73 71 192 
85 119 276 
– Sediment depths determined by 
regression of drill hole depth 
Sediment Concentration 
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28 
Impact to Salmonids 
  
29 
Newcombe and Jensen, 1996 
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Indices of 
Suspended 
Sediment 
effects 
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2D models 
Relatively few applications of 2D models to dam 
removal exist 
Bank erosion is a primary problem in the 
application of 2D models to dam removal 
 
We have applied SRH-2D to the removal of 
Copco No. 1 Dam on the Klamath River, 
where bank erosion is less significant 
because reservoir sediment thickness is 
generally less than 10 ft. 
SRH-2D model erosion 
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2D model conclusions 
It is feasible to apply two-dimensional mobile 
bed sediment transport models to dam 
removal 
Limitations include: 
• Computational requirements may prevent 
long term simulation 
• It may be necessary to simulate bank 
erosion and floodplain formation to 
capture all sediment processes during 
and after dam removal 
 
 
Additional dam removal information 
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• Marmot Dam Removal (removed 2008) 
– http://or.water.usgs.gov/projs_dir/martmot/ 
• Savage Rapids Dam Removal (removed 2009) 
– http://www.usbr.gov/pn/programs/lcao_misc/savage/ 
• Elwha Dam removal (drawdown began Sept 2011) 
– Current web cam: http://www.video-
monitoring.com/construction/olympic/js.htm 
• Condit Dam Removal (drawdown began and completed 
Oct 2011) 
– http://www.pacificorp.com/es/hydro/hl/condit.html 
• San Clemente (will begin Aug 2013) 
– http://www.sanclementedamremoval.org  
